This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• ' BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



■ a CoroLmcr ana uicumwi 

Qxpora»Ai6*iCanadi « Capoten Can** 

,», M ... ' 234 " 8 

(45) ISSUED 88031S 



(52) CLASS 260-290.3 
C.R. CL. 260-277.9? 
260-296 

4 

(51) INT. CL. C07D 213/68,213/89, 
401/12 

,,9, <CA» CANADIAN PATENT n« 

(54) Pyridyl-N-0*lde Intermediates for the Preparation of 
Omeprazole 



(72) Brandatrom, Arne E.i 
Lamm , Bo R« » 
Sweden 



(73) Granted to Aktlebolaqet K^aale 
Sweden 



(21) APPLICATION No. 431,863 
t 22) PILED &30706 

(30) PRIORITY DATE Sweden (3204879-4) 820826 



No. 



OF CLAIMS 13 - NO DRAWING 



Canada 



OCAS'*"' •« 



1234118 

X 23940-447 

DESCRIPTION 

Field of the Invention 

The present Invention relates to novel chemical Intermed- 
iates, a process for their preparation, end their use in the pre- 
paration of pharmacologically active substances. 
Background of the Invention 

Compounds of the general formula (i) wherein R 1 and R 2 
are the same or different and are each selected from the group con- 
sisting of hydrogen, alkyl, halogen, carbomethoxy , alkoxy and al- 
io kanoyl have been discXosed in e.g. European patent No. 0005 129 as 
useful therapeutical compounds. One of these compounds, known under 
the generic name omeprazole (R 1 - - 5-OCH3, R 2 - H) 

(i) 

-S CH 2^^^ 

H 

is being developed as a gastric acid secretion inhibiting drug. It 
can also be used for providing gastrointestinal cy toprotective effects 
in mammals and man. 

It is important to obtain simple and efficient intermed- 
iates and routes of synthesis for omeprazole and, in a more general 
sense, for therapeutically active compounds such an benxlmidazole 
20 derivatives containing the pyridylmethyl moiety 




"fir 



(ii) 



-CHj « 
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The present Invention provides novel compounds which are useful is 
Intermediates in the prep.r.tlon of ther.peutic.11y .ctive ccmounds s,ch 
., benzlmldazole deriv.tives which contain a pyrldylmethyl r.dic.l 
of the formula (11). and methods for the preparation of such conpounds. 

5 

Prior art 

Substituted benzlmld.roles cont.tnlng . pyridine r.dic.1 of the formula 
M<) .re disclosed 1... in Europe.n p.tent 0005 129. A problem with 

10 these compound* 1: their stability characteristics. Upon stor.g. -1 hout 
any special precautions being taken, they are degraded at a rate which 
is higher t:.an desired. E.g. by storaqe of omeprazole, which Is a sub- 
stituted benzlmldazole disclosed in the p.tent cited above, at acceler- 
ated conditions, that Is .t 07-C and at a relative humidity of NX for 

15 a period of 6 months, about 6X of the substance is convert* to degr.ds- 
tlon products. 

Detailed description of the Invention 

20 It has been found according, to the present Invention that the compounds 
of the formula 



0CH 3 



CH 3 



25 



o 



wherein R Is H or CH,. are novel and useful Intermediates in the pre - 
30 paratlon of pharmaceutical ly useful compounds, e.g. substituted benzi- 
.Idazoles of the general formula CD. The compounds of the formula 
1 ,r. the prooucts obtained from the preceding nitration reaction (see 
preparation below), for which the M-oxide form «y be considered necess- 
ary, and the following substitution reaction In which the pyridine 
35 H-o*ido form Is very advantageous considering the yields. 



10 



25 
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In addition, the N-oxIde state of the compounds of the formula I Is 
very advantageous for the subsequent conversion to the 2-hydroxymethyl- 
pyrldlne {procedures A and B). Direct hydroxymethylatlon of the corre- 
sponding non-oxidized pyridines 




only gives low yields (<20t). 

The compounds of the formula 1 may a d van t ag es! s ly be prepared by pro- 
15 cesslng both the nitration step and the substitution step without iso- 
lation of the Intermediate nltro-pyrldlne. Furthermore they are stable 
and can be stored 1n bulk form. For example, the compounds according 
to the Invention of the formula I are useful as Intermediates In the 
preparation of the corresponding 2-hydroxymethyl pyridine and reactive 
20 derivatives thereof of the formula 



0CH 3 
^Ach 2 ; 



(111) 



or a salt thereof, 1n which formula I is a hydroxy group or reactive 
esterlfled hydroxy group, e.g. halogen such as C1 and p-toluenesulfonyl 
30 used for the preparation of e.g. omeprazole. Th* reactive intermediate 
of the formula (111) 1s then reacted In known manner with a benzlmid- 
azole derivative of the formula 



35 
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5 




IV 



wherein R his the weaning given above whereafter 

10 b) the compound of the formula IV 1$ directly reacted with mtthoxlde to 
give the desired end product of the formula 




o 

wherein R Is H or Qi y 

20 



The reaction conditions for the steps a) and b) are suitably the follow- 
ing. 

For reaction aj, ordinary nitration conditions, 1^, a mixture of 
25 cone, sulfuric acid and nitric acid of different concentrations are 
used. Mixtures containing organic solvents such as acetic acid and 
nitromethane may also be used. 

For reaction b) a solution of methoxlde anion in methanol is preferably 
30 used. Methoxlde salts in inert solvents such as toluene may also be 
used. A solution of methoxlde In methanol can be prepared from sodium 
hydroxide and methanol. 

The utilization of the compounds t in the preparation of reactive de- 
35 rlvat'ves of corresponding 2-hydroxymethyl pyridine can be carried out 
as Illustrated below; 
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whereafter oxidation In known manner of the reaction product of the 
formula 



0CH 3 




10 



yields omeprazole. A preferable method of preparing omeprazole istous. 
, compound with the general formula I. wherein R Is H as an Intermedi- 
ate. The most preferable method of preparing omeprazole Is to use a 
• compound, wherein R 1s CHj as an Intermediate. 



' S The present Invention also relate, to a process for the preparation of 
the Compounds of the tonnula I. 

The expounds of the invention of the Mia I are prepared according 
20 to the Invention by 

1) reacting a compound of the formula 



25 ry ^ 3 n 



30 wherein R Is H or tH y 

with a nitrating agent such as nitric idd 



III 



35 to the formation of a compound of the fomwta 
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A. Procedure useful for the preparation of a compound of the formula 
(111) utilizing a compound of the formula I wherein R Is CH,: 



10 



CH, 





CH 2 0dCH 3 



15 



NaOH 




S0C1, 



20 



OCH, 



H 3 C. 



L JL 



(111) 



2 5 B. Procedure useful for the preparation of a compound of the formula 
(111) utilizing a compound of the formula ! wherein ft Is H; 



30 




OCH, 



3 dimethyl 
|| sulfate 



CH3OH 



presence of a 
I source of free 

JOT, radicals 



(I) 



1334118 

7 



5 




(111) 

Suitable sources of free radicals are e.9- (NN 4 ) 2 $ 2 <> 8 or other salts of 
persulfurlc acid. 

10 

The compound of the formula (111) thus obtained, or a salt thereof, is 
thereafter In known manner as described 1n the prior art reacted with 
the desired benzlmldazole derivative (1v) as described above. 
■ 

15 The Invention 1s Illustrated by the following examples. 



Example 1. Preparation of 2,3,S-tr1methyl-4-methoxypyr1d1ne-N-ox1de 
2,3,5-tr1m*thyl-pyr1d1ne-N-ox1de (1457 g, 10 moles) was dissolved In 
cone. H ? 50 4 (1200 ml, 22.08 moles) In a 50 litres reaction vessel. A 

20 nitration solution (1750 ml, 32.2 moles cone. H 2 $0 4 and 2065 ml, 29.84 
melts 651 HNOj) was added at 90'C during I hour. The solution was stirr- 
ed at 90 # for 1.5 hours and thereafter cooled to 30'C. The pH of the 
reaction mixture was then adjusted by adding W NaOH (11.65 litres, 
116.5 moles) during cooling with water so that the temperature was 

25 kept below 40 # C; The NaOH was added during about 2 hours. Thereafter 
CHjCl^ (25 litres) was added and the mixture stirred vigorously for 30 
minutes. The phases formed were separated and the CH^CI^-phase was 
transferred to * 100 litres reaction vessel. The water phase was dis- 
carded. The methylenechlorlde was distilled off. To the remainder was 

30 added 15 1 of toluene which was then distilled off under reduced press- 
ure, followed by another 15 1 portion of toluene which wis also removed 
by distillation. 8 litres of methanol was added and the mixture heated 
to boiling temperature. A solution of NaOH (595 g, 14.9 moles) In r.HjOM 
(16 litres) was added during about 1.5 hours. The reaction mixture 

35 obtained was cooled and Us pH adjusted to 3 using cnuc. H 2 <*> 4 (250 ml, 
4.6 moles). Remaining methanol was distilled off and CH^Cl^ (20 litres) 
was added to the remainder. The mixture was stirred for about 30 minutes 
and Inorganic salts were filtered off and washed with CH 2 ci 2 . The fll- 
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trates obtained were pooled end evaporated, yielding 1287 g of 2.3.5- 
tr ^th y l-4-«tho«r-Pyr1-1ne-H-,.1d« -1th . purlt, of 89X. Vm "entity 
of the reaction product -as confined -1th 'h and C NH . K HHR. 
«f(C0Cl 3 ) 2.22{».3H),2.27(S.3H).2.S1($.3M).3.81(S.3HJ.8.18(S.1H). 



5 



The reaction sequence 1$: 



10 




20 



15 The 2.3"5-tr1«ethylpyr1d1ne-N.ox1de used as starting material -as pre- 
pared as follows. 

Pr> r »rit1or» of 2.3.5-tH methyl-pyrldlne-N-oxlde. 

Tc a 100 litres reaction vessel -as added 2.3.5-tHmethyl-pyHdlne 
(10.9 kg. 89.2 nolesJ and acetic acid (30 lUres). The temperature -as 
raised to 90'C. The mixture wet stirred 'or 3 hours and thereafter 
cooled to 60'C. -hereafter (351 solution. 3122 ml. 35,67 moles) 
*.s added during 1 hour. The temperature -as then raised to 90'C. The 
reaction mixture -as stirred over-tight. After cooling to «'C an addi- 
tional amount of H-0 2 solution (936 m\ 10.7 moles) -as added during 1 
hour. The temperature was then raised to 90'C. The reaction mixture 
-as stirred for 3 hours and -as allowed to stand -Uhout heating over- 
nlght.excess of acetic acid -as distilled off under vaccum. To the 
30 remainder was added H.OH (10HJ until pK 10. CH^Clj (10 litres) -as 
added and the resulting mixture -as stirred vigorously. The CMjCIj 
phase was separate*, and the water phase -as extracted t-lce -1th CHjClj 
HO litres). The confined CH-CW - phases -ere dried over HgSO, and 
nitrated. The filtrate -as evaporated yielding 2.3.5-trlm.thyl-pyrl- 
35 dlne-K-oxIde (11920 g. 94T purltyl. The Identity of the product -as ccn- 



25 



finned with 'h and 13 C l*R. 
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Example 2. Preparation o ' v^iiMthy1>4-«etho«ypyr1din»-M-o«<d 
3,5.dlmethyl-pyrid1ne-N-ox1de (3500 9. 28-5 mole*) dissolved In 
cone. H 2 S0 4 (3S0O ml. 64.4 moles). The solution was coded to 90*C 
and nitration solution (5 1. 91.5 moles, core. and 5.9 l f 85 moles 

S 65X KNO3) was added during 4 hours at 90'C. The solution was stirred at 
90*C over night. The solution was cooled to 30'C and neutralized with 
10M NaOH (36 1, 360 moles) during 4 hours and the temperature kept 
below 30-C. AcetoMtrlle (.15 litres) was added and the mixture stirred 
vigorously for 30 minutes. The acetonltMle layer was separated. Tht 
10 extraction procedure was repeated with 15 1 of acetonltMle, and the 
combined acetonitrlle were extracted with water (10 1 at 60*C)..Tht 
upper layer was collected and evaporated at reduced pressure (bp 30- 
55-C/130 mm Hg). Toluene (10 I) was added and remaining water was tho- 
roughly removed by azeotroplc distillation at reduced pressure (bp 
15 55-65'X/130 m Hg). Hethylalcohol (7 1, 173 moles) was added and the 
mixture was heated to reflux temperature. A solution of NaOH (1138 g, 
28.45 moies) 1n 30 litres methytalcohol was added over a period of 
15 hours. The reaction mixture was cooled and pH adjusted to 9 using 
cone. HC1 OZ00 ml, 14 mules). Remaining methanol was evaporated. The 
20 residue was cooled and CHjClj (30 1) and activated cerbon (50 g)were 
added. The mixture was stirred for 30 minutes, filtered and the residue 
washed with CH-CK. The filtrates were evaporated. The solid product 
was washed with petroleum ether. (5 litres bp 60-80'C) at 50«C for 
30 minutes and filtered. This procedure was repeated once. The product 
25 was dried at reduced pressure. Yield 2400 g 3, 5-dl methyl .4-«ethoxypyr1- 
dine-N-oxide with a purity of 901. The Identity of the product was 
confirm*! with 1 H- and U C-NHR. W: <*C0C1 3 ) 2.23(s,6H),3.81(2.3H>, 
8.03U.2H). 

30 The 3,5-d1methyl-pyr1d1ne-N.ox1de used as starting material w.w prepared 
as follows. 

3,5-lutHlne (15 kg. 140.2 coles) was dissolved in acetic add (48 1) 
at 60 B C. Hydrogen peroxide (8430 ml, moles) was added during 3 hours. 
35 The solution was heated to 90T. and kept at this temperature for J 
hours. The reaction mixture *as cooled to 60"C ani hydrogen pero.-de 
(3500 ml. 41 moles) was added during 1 hour. The temperature was raised 
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to 90 # C and kept there for IS hourj. The reaction mixture was evaporated 
at reduced pressure (70'C 300 am Hg). The residue (approx 25 litres) was 
cooled and pH adjusted to 10 with NaQH-solutlon (23 litres 10M> . Aceton- 
Itrlle (30 litres) was added and the mixture was stirred for 30 minutes. 
5 The sodlumacetate was sepinted off and washed with 10 1 acetonltrlle. 
The liquid phase was evaporated at reduced pressure (55 # C. 200 mm Hg). 
The remaining solution (approx 25 litres) was extracted with CH^Clj 
(20 litres and 3 x 5 litres). The combined organic layers were dried 
oyer HgSOj, filtrated and evaporated at reduced pressure (50*C 200 aw 
10 Hg). When all CH 2 C1 2 had distilled off unreacted 3,5-lutldlne was eva- 
porated at 75*C, 8 m Hg. Yield 14940 g of 3,5-d1methylpyr1d1ne-N-ox1de. 
The Identity was confirmed with 1 H and 13 C HWL 

The conversion of the compounds of the formula I to 3,5-dtmethyl-4- 
15 methoxy-2-hvdroxymethylpyrldlne can be carried out accorolng to Proce- 
dure A and Procedure B as described above and exemplified below. 

Procedure A; 



20 step 1: 




2,3,5-d1methyl-4-methoxypyr1d1ne-ll-ox1de (1268 g. $.75 moles) obtained 
In Example 1, dissolved In acetic acid (740 ml), was addef dropwlse 
30 to (CH 3 C0) 2 0 (2140 ml) heated to 90 # C. The heating was discontinued 
during the addition. The temperature rose to 130*C. Thereafter the 
reaction soluMon was stirred for 1 hour and then cooled to 80*C where- 
after CHjOH (2460 ml) was added. The reaction solution was evaporated 
and the remainder used directly in step 2. 



1234118 

n 



Ittp 2: 



10 



15 



OCH, 



NaOH 




^ «^ CH 2 OH 



To the render fro- step 1 «s — — ^"00 ... .«». ™ £ - 
w.s refluxed for 5 hours, cooled and extracted .1th Ofl, W HJ-L 
Th, phases -re separated and the -ater phase extrac t -1th CH^l, 
(2 x « litres). The combined CHjCl, - phases -ere dried over "9*V 

-Uh a f«- r« of <«olSr„1n, carbon end ««• 
,,$.41*thyl.4.-.thot y -l-hy1ro«,.*thy1pyHd1ne (941 The Identity 

of the product was conflrineo -1th H and C MHR. 




J.5-D1^thy1-4-ethoxypyr1d1n,-K-o«1de (51.2 d) obtain* In E««p 2 
w„ dissolved 1n CHjOH (458 .1). 01-ethyl sulfate (38 -1 0.4 -oles 

.dd.d dropwls. dC-rin, 15 -Inute, and pM adjusted to 5.0 using W 
H.0H. Th. Hature was Stirred for 15 -Inut.S and ib.rWt.r refluxed 
35 0*1 hour. An additional ancunt of diethyl sulfate 13.1 .1. 0.04 m esl 
I , added drowse and the Mature -as refluxed for 1.5 hours. Stlrrln, 
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TO 



w„ continued overnight at roo* te-p^turt. Thereafter -he .i«tuf was 
heated to rtflw and fW,!^ (91.2 f. 0.4 mtoi dissolved 1. wttr 
(169 .1) was added during 1.75 hours, followed by rcfluxlng for 1.5 
hours and stirring at room t.»perature overmght. Thereafter CHjOH 
(•S2 -1) -as added. Precipitated salts -ere filtered off and discarded. 
After evaporation of ClIjOH, the remaining water phase (pH 0.6) was 
adjusted to pH 10.0 using 1CH NaOH (MS -1). The water phase was ex- 
tracted three tl.es with CH ? d r The coined 0« 2 C1 2 phases -or, dried 
over na,S0,. evaporated and dried, yielding j,S-d1aeihy1-«-*.thoxy-2- 
•hydroxy-thylpyrldlne (44.2 ,). The Identity of the product was con. 
flmed with h and 13 C NM and the purity checle- with gas chrguu- 
griphy. 



1234118 



THE EMBODIMENTS OP THE INVENT I ON IN WHICH AF EXCLUSIVE 
PROPF.RTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

I, A process for the preparation of a compound of ths 

formula 



OCH 3 




I 



vherclr R is hydrogen or methyl, which process comprises nitrating 
a compound of the formula 




II 



IV 



in which fotnulas R is hydrogen or methyl, and reacting the compound 
of the formuli TV thus obtained with a irethoxide to give a compound 
of the formula 
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in which formulas R is hydrogen or methyl. 

2 * A Process according i* claim 1 wherein the reaction 

with methoxide is carried out in methanol. 

3# A Proee^ according to claim 1 wherein the nitration is 

carried out by reaction with nitric acid. 

4 - A Process according to claim 3 wherein the nitric acid 

is in admixture with sulphuric acid. 

5 ' A Process according tc claim I wherein R is methyl. 

6 ' A Process according to claim I wherein R is hydrogen. 

7# A process according to claim 1 wherein R is methyl and 

the obtained compound of formula I is subjected to reaction with 
acetic anhydride followed by alkali to convert the methyl group 
in the 2-position into a hydroxymethyl group. 

8 * A Process according to claim 1 wherein R is hydrogen and 

the obtained compound of formula I is subjected to reaction with 
dimethyl sulphate followed by reaction with methanol in the 
presence of a aource of free radical* to insert in the 2-posltlon 
a hydroxymethyl group. • 

\i 
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chl orlna t in<. 




(111) 



ui. 7 or » th * 

L« mathyl- .V 

P 



c. 
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13. A compound of formula I as defined in claim 1 wherein 

R is hydrogen. 
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